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ABSTRACT 
//6? ? 

F e a s i b i l i t y  of t he  "Dry Tape Bat tery" concept has been demonstrated 
on a l abora to ry  t e s t  device w i t h  the Ag2O2n0H/Zn system. Tapes 
coated w i t h  A g 2 0 2  have been discharged success fu l ly  both a lone  
( w i t h  s e p a r a t e  e l e c t r o l y t e  feed),  and i n  a "dual-tape" system. The 
"dual-tape" system employs a separate prewet t a p e  t o  feed KOH 
e l e c t r o l y t e  and serve  as separa tor .  A s t a t i o n a r y  z i n c  block served 
as c u r r e n t  c o l l e c t o r  and anode while  s i l v e r  p l a t e  o r  sc reen  w a s  used 
as a cathode c u r r e n t  c o l l e c t o r .  Current d e n s i t i e s  as high as 1.6 
amp/in.2 have been maintained wi th  a cu r ren t  e f f i c i e n c y  of 75% a t  a 
t ape  speed of one inch  per  minute. Output was 1.22 amps a t  1 .24  v o l t s  
w i t h  t h e  following energy d e n s i t i e s :  

Watt -h r / l  b 

108 dry t ape  w i t h  Ag202 coa t ing  and binder  

48 above + t heo r .  amount 30% KOH 

25 above + a c t u a l  amount 30% KOH 

Design and t e s t i n g  of a prototype and f i n a l  design of an a c t i v a t i o n  
u n i t  f o r  the demonstration of the  dual-tape system have been com- 
p l e t e d  a s  have component design and t e s t i n g .  The prototype outputs  
were e s s e n t i a l l y  the same as those obtained on t h e  labora tory  t e s t  
device .  

Four a c t i v a t i o n  u n i t s  are be ing  assembled f o r  demonstrat ion.  
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cons t ruc ted  before  the  formal s t a r t  of t h i s  p r o j e c t .  T h i s  device 
i n  i t s  p resen t  form and assoc ia ted  ins t rumenta t ion  are shown i n  
F igure  1. The  cu r ren t  c o l l e c t o r s  were modified t o  p e r m i t  c o n t r o l  
of con tac t  pressure.  
lower e l e c t r o l y t e  feed r a t e s .  Also, t h e  system was modified t o  
allow "dual-tape" operat ion,  t h a t  is ,  t o  feed e l e c t r o l y t e  on an 
uncoated t ape  tha t  j o i n s  the coated t ape  j u s t  p r i o r  t o  t h e  cu r ren t  
c o l l e c t o r s .  

The t ape  i s  dr iven  by a v a r i a b l e  speed dc motor coupled t o  a reducing 
gear box and a torque measuring device.  

as it  moves t o  the cu r ren t  c o l l e c t o r s .  
which w a s  somewh t d i f f i c u l t  t o  w e t ,  has been replaced w i t h  one of 

The feeding system was modified t o  allow 

E l e c t r o l y t e  i s  fed from a 

A Teflon 6 f e l t  wicking pad, 

micrometer s y r i n  e (6)  powered by a Zero-Max v a r i a b l e  speed d r i v e  ( 7 ) .  
A wicking pad ( 5  under the tape d i s t r i b u t e s  e l e c t r o l y t e  t o  the  t ape  

non-woven Nylon 6. 
The t e s t  u n i t  i s  shown set  up f o r  opera t ion  w i t h  a "dual-tape'' system 
i n  F igures  1 and 2 .  The dry  Ag202 coated tape (1) i s  pu l l ed  over a 
p la t form and then  passed between s t a i n l e s s  s t e e l  r o l l e r s  ( l 7 ) ,  where 
i t  i s  pressed agai i ls t  the  previously wetted e l e c t r o l y t e  feed/separator  
t ape  (13). 
e l e c t r o l y t e  wicking pad ( 5 ) .  The wetted t ape  (15) is  drawn wi th  the 
s e p a r a t o r  between the  cu r ren t  c o l l e c t o r s  ( 2 ) ,  the  lower one of which 
i s  a z i n c  b l o  k .  The upper cur ren t  c o l l e c t o r ,  a s i l v e r  p l a t e  mounted 

os i t i oned  by t h e  guide (14)  and screws (18). The 
discharged t ape  is (16 P is  drawn up on t h e  take-ap sp ind le  ( 3 ) ,  which i s  
on P l e x i g l a s  6, 
dr iven  by torque rods ( 1 2 ) .  

The sepa ra to r  t ape  is wetted as i t  passes over t h e  

1. Cathode Co l l ec to r  

The cathode c o l l e c t o r  was o r i g i n a l l y  a f l a t  s i l v e r  s t r i p  under which 
t h e  Ag202-coated t ape  passed.  It was found t h a t  performance of tapes  
w i t h  rough coa t ings  could be improved by use of a f l e x i b l e  g r i d  
of expanded s i l v e r  as t h e  current  c o l l e c t o r .  With somewhat smoother 
coa t ings ,  no no t i ceab le  improvement was found w i t h  expanded s i l v e r .  
The a r e a  of t h e  cathode collecto?(ar,d the coated t ape  w i d t h )  has been 
reduced t o  0.765 in .*  (7/8 i n .  x 7/8 i n . )  t o  provide more r e l i a b l e  
opera t ion  w i t h  t h e  "dual-tape" s y s t e m  now being used The  c o l l e c t o r  
weighs approximately one ounce, and con tac t  pressure  can be var ied  
by t h e  a d d i t i o n  of one-ounce weights.  

A s  an a l t e r n a t i v e  t o  t h e  f l a t  s l i d i n g  c o l l e c t o r  descr ibed above, a 
r o l l  c o l l e c t o r  was b u i l t  and t e s t e d  b r i e f l y .  The purpose of t h i s  was 
t o  reduce the  force  r equ i r ed  t o  p u l l  t h e  t ape .  The r o l l  c o l l e c t o r  
c o n s i s t s  of f o u r  1/8-in.  diameter gold-plated r o l l s  s e t  i n  a holder .  
Prel iminary t e s t s  i nd ica t ed  t h a t  t h e  higher  cu r ren t  d e n s i t i e s  en- 
countered a t  t he  r o l l  contac t  a reas  were t o l e r a b l e .  

2 
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I. INTRODUCTION 

A. OBJECTIVE 

The major objective of this work is to demonstrate the feasibility 
of the "dry tape" concept by constructing a breadboard device to 
use experimentally coated tapes based on the Ag202/Zn couple. In 
addition, the operating parameters of this experimental system are 
to be determined so that reasonable extrapolations of system cap- 
ability for larger systems and other electrochemical couples can be 
made. 

B. BACKGROUND INFORMATION 

The "dry tape" concept in its ultimate form involves the use of a 
thin separator tape on which are coated the active components of an 
electrochemical system (oxidant, reductant, electrolyte, electrode, 

a set of current collectors that would activate the system, allowing 
the electrochemical reactions to take place. The major advantages 
visualized for such a system are, first, reduction of concentration 
and activation polarization through continuous feed of reactant and 
removal of products and the continuous feed of fresh electrode 
surface. Second, such a system would allow the use of known high 
energy couples in high rate applications, whereas in conventional 
battery systems these same c o u p l e s  would be limited to low rate appli- 
cations because of mass transport limitations. A third advantage 
of the dry tape concept is that with reserve-type materials activation 
of components would occur only as they are needed, permitting unlimited 
storage of the unactivated portion of the tape. 

The complete development of such a system would require a total effort 
that is not justifiable until the feasibility of the basic concept 
is demonstrated. For this reason, our major effort has been to 
demonstrate the feasibility of the concept in a very elementary form. 
Work on electrolyte encapsulation, catalysis, etc., is not being con- 
sidered in this initial program. For demonstration purposes, the 
Ag202/Zn couple is being used for comparison with other high rate 
battery systems. It is not the purpose of this program necessarily to 
optimize this particular couple but rather to demonstrate its 
feasibility by determining the operating parameters so that sound 
extrapolations to future system capability can be made. 

e t c . 1 .  \ T h i s  tape can then be fed ccnt inuous lg  o r  inte-mittently to 

11. PHASE 1A. MECHANICAL 

A. LABORATORY TAPE EVALUATION DEYICE 

A laboratory test device for evaluation of experimental tapes was 

1 
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KEY FOR FIGURES 1 AND 2 

Dry tape, Ag202 coated  

Current c o l l e c t o r s  

Tape take-up 

Take-up d r i v e  and motor 

Elec t r o  ly t e w i c  king pad 

E l e c t r o l y t e  pump (micrometer s y r i n g )  

Zero-Max pump dr ive,  v a r i a b l e  speed 

Tape take-up speed c o n t r o l  

Load box, 1 ohm steps 

Dual pen recorder  

Current shunt 

Tape d r i v e  and torque meter 

Separa tor  tape,  wet 

Tape guide-cathode c u r r e n t  c o l l e c t o r  guide 

Wetted tape  

Discharged tape 

Contact rolls 

Cathode cu r ren t  c o l l e c t o r  p o s i t i o n i n g  screws 
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Figure 1. Laboratory Tape Dynamic T e s t  Device 
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Figure 2 .  Tape Sec t ion  o f  Dynamic Test  Device - 
Dual Tape Operation 
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2 .  Anode Co l l ec to r  

For t h i s  f e a s i b i l i t y  study, t he  z i n c  anode m a t e r i a l  i s  not  coated 
on the  oppos i te  face  of the tape  but  rather w i l l  be p re sen t  as 
a block over  which the ac t iva t ed  t ape  i s  drawn. The z i n c  block 
a l s o  se rves  as the anode c o l l e c t o r .  T h i s  arrangement appears 
s a t i s f a c t o r y  except during i n t e r m i t t e n t  opera t ion  where fou l ing  
and p i t t i n g  of the z i n c  sur face  has been found t o  occur.  
d i scussed  f u r t h e r  under T e s t  Resul ts .  

T h i s  i s  

Expanded z i n c  screen  was a lso tried as  the anode c o l l e c t o r  but  no 
improvement i n  performance was noted. The screen  i t se l f  was consumed 
i n  a r e l a t i v e l y  s h o r t  per iod of opera t ion .  To provide a d d i t i o n a l  
su r f ace  a r e a  f o r  higher anode cur ren t  d e n s i t i e s ,  s i n t e r e d  z i n c  powder 
and pe l le t  r o l l s  have been f ab r i ca t ed  and w i l l  be tested.  

3 .  Discharge C i r c u i t r y  

The e l e c t r i c a l  load c o n s i s t s  of a r e s i s t a n c e  box w i t h  t e n  1-ohm (25 w )  
resistors connected I n  se r ies  and tapped a t  l-ahm steps.  These 
r e s i s t o r s  and t h e  c i r c u i t  r e s i s t a n c e  were measured w i t h  an E lec t ro  
S c i e n t i f i c  I n d u s t r i e s  Universal  Impedance Bridge. The 1-ohm r e s i s t o r s  
(connected)  were found t o  be within 2% of that value,  and the  ' c i r c u i t  
r e s i s t a n c e  was approximately 0.075 ohm (excluding e l e c t r o d e s )  of 
which 0.05 ohm could be a t t r i b u t e d  t o  t he  c u r r e n t  shunt .  Some of t he  
more r e c e n t  t apes  tested have maintained vo l t age  output  through the 
1-ohm load s o  t ha t  a v a r i a b l e  r e s i s t a n c e  down t o  0.5 ohm o r  less 
w i l l  be added. E l e c t r i c a l  output is  measured w i t h  a Varian G - 2 2  
Dual  Channel Recorder providing a continuous record  of cu r ren t  and 
v o l t a g e .  
shunts  were gene ra l ly  used. Accuracy was 2% of f u l l  s c a l e  o r  
be t t e r .  
and a c c u r a t e  comparison w i t h  tape speed (usua l ly  1 in./min.) . 

Full-scale vol tage  was 2 v o l t s ,  and 1- and 2-amp ( f u l l  s c a l e )  

A c h a r t  speed of 2 in./min was used t o  g ive  a convenient 

B. DESIGN ANT) CONSTRUCTION OF FOUR BREADBOARD DEMONSTRATION DEVICES 

To demonstrate the f e a s i b i l i t y  o f  the  t ape  concept it i s  necessary t o  
c o n s t r u c t  prototype hardware i n  which coated tapes can be a c t i v a t e d  
and discharged i n  a continuous manner. 

Because of time l i m i t a t i o n s ,  c e r t a i n  design cons idera t ions  were 
i n i t i a l l y  agreed upon: 

1. The u n i t  should be completely se l f -conta ined  ( d r i v e  tape, 

2 .  A spring-wound mechanism ( o f f  the she l f )  would be used  

e l e c t r o l y t e ,  e t c ) .  

f o r  tape t r a n s p o r t .  

6 
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7.  

A z i n c  block, over which the Ag202 tape i s  passed, 
would serve  as the  anode r a t h e r  than using a z i n c  
coa t ing  on t h e  tape .  

Commercially a v a i l a b l e  Ag202 would be used d i r e c t l y  
as the cathodic  mater ia l  rather than i n  s i t u  e l e c t r o l y t i c  
formation. 

The conf igura t ion  of  t he  components i n  the prototype 
should occupy as small a volume and be a s  l i g h t  as p o s s i b l e  
c o n s i s t e n t  w i t h  using "off the shelf"  p a r t s  wherever 
p o s s i b l e .  
from the  prototype by s u i t a b l e  component design.  

The prototype should be capable of continuous opera t ion  
f o r  a p e r i o d  of a t  l e a s t  10 minutes, l i m i t e d  only by the 
l eng th  of tape, even though the mechanical system capac i ty  
would be much h igher .  

Weight and volume savings would be ex t rapola ted  

Although an u l t ima te  goal would be t o  u s e  e l e c t r o l y t e  en- 
capsula t ion ,  f o r  demonstration purposes t h i s  was n o t  
necessary.  

A s  the  work progressed, a f u r t h e r  c o n s t r a i n t  was p u t  on the system. 
We f e l t  t ha t  f o r  the s h o r t  operat ing pe r iods  r equ i r ed  f o r  demonstration, 
a weight saving and more re l iable  opera t ion  could be obtained by 
using a dual-tape system i n  which the e l e c t r o l y t e  would be f ed  on a 
second t ape  s a t u r a t e d  w i t h  aqueous KOH. 
e l e c t r o l y t e  pumping system. 

T h i s  g r e a t l y  s i m p l i f i e d  the 

1. Component Design and Testiw 

To check out  poss ib l e  mechanical designs f o r  the  breadboard demonstra- 
t i o n  devices ,  i t  was necessary t o  cons t ruc t  a t e s t  s tand i n  which 
t h e  mechanical features of a l l  proposed components could be determined 
ind iv idua l ly  and i n  conjunction w i t h  one another .  T h i s  t e s t  s tand  
is  shown i n  Figures  3 and 4 .  &sed on t h e i r  performance i n  t h i s  
t e s t  s tand,  the design of t h e  var ious components was f rozen  f o r  
incorpora t ion  i n t o  the  f i n a l  devices.  

It is i n t e r e s t i n g  t o  note  t h a t  the e l e c t r i c a l  output  of a tape tested 
i n  t h i s  r i g  was i d e n t i c a l  w i t h  that  obtained i n  the tape eva lua t ion  
device .  

2.  Breadboard Demonstration Device, Design and Fabr i ca t ion  

a .  General Descr ipt ion of the Prototype Model 

During t h i s  r e p o r t i n g  per iod,  the components f o r  the breadboard dry  
t ape  b a t t e r y  prototype were f ab r i ca t ed  and tes ted i n d i v i d u a l l y  and 

7 
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L i s t  of Components f o r  F i g s .  3 and 4 

1. Spring-wound d r i v e  (Keystone A-7-3) w i t h  disengaged 
c e n t r i f u g a l  governor 

2 .  Attached escapement mechanism 

3 .  Tape t r a n s f e r  d r i v e  

4 .  Current c o l l e c t o r s  

5. Ag2O2-c&ted tape  

6.  E l e c t r o l y t e  wetted tape 
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c o l l e c t i v e l y .  The cons t ruc t ion  of a pro to type  model i s  now wel l  
underway. 

Bas i ca l ly ,  t h e  breadboard u n i t s  w i l l  c o n s i s t  of two major s e c t i o n s .  
The f i rs t  conta ins  a spring-wound d r i v e  permanently mounted i n  a 
ca r ry ing  case .  A l s o  mounted i n  t h i s  case  w i l l  be a v a r i a b l e  load 
r e s i s t o r  and meters f o r  demonstration. Four such cases  are t o  be 
b u i l t .  

The second sec t ion ,  which we c a l l  t h e  " tape deck", w i l l  be a self-  
contained u n i t  comprised of tape-feed spools ,  take-up spools ,  e t c .  
Each t ape  deck w i l l  conta in  s u f f i c i e n t  t ape  f o r  approximately 10 
minutes of continuous operat ion and can be "plugged i n t o "  any of 
t he  d r i v e  u n i t s .  It i s  planned t o  supply between 10 and 20 such t ape  
decks f o r  demonstration a t  the conclusion of t h i s  c o n t r a c t .  

A p i c t o r i a l  view of t h i s  proposed model i s  shown i n  Figure 5 .  
i s  a p l a n  view of t h e  proposed tape deck i n  which is  mounted t h e  t ape  
feed spools ,  t h e  take-up spools,  cu r ren t  c o l l e c t o r s ,  and t ape  d r i v e  
sp rocke t s .  

Refer r ing  t o  Figures  5 and 6, the t ape  con ta ine r s  w i th in  t h e  tape  deck 
are preloaded wi th  t h e  s i l v e r  peroxide-coated t ape  and e l e c t r o l y t e -  
s a t u r a t e d  t a p e .  Non-permeable l eade r s  a t t ached  t o  these  t apes  are 
threaded through t h e  opera t ing  pa th  a s  shown by t h e  ar rows  i n  Figure 6 .  
This  pre loading  i s  done during the  a c t u a l  f a b r i c a t i o n  of t h e  t ape  
deck, n o t  j u s t  p r i o r  t o  u s e  of i t .  To s tar t  t h e  u n i t ,  a t ape  deck 
i s  plugged i n t o  t h e  ca r ry ing  case over the spring-wound motor s e c t i o n .  
The process  of snapping i n r r  automatical ly  connects t h e  tape  t r a n s f e r  
r o l l e r  s h a f t  and t h e  take-up spoo l  s h a f t  t o  the  sp r ing  motor. The 
coupl ings a r e  s o  designed t h a t  the  process  i s  s e l f - a l i g n i n g .  

Figure 6 

11 

Before a c t u a l l y  s t a r t i n g  the  c e l l ,  t h e  s e a l  from the  e l e c t r o l y t e  t ape  
con ta ine r  must be removed and the t ape  advanced u n t i l  t h e  a c t i v e  
coa t ing  i s  wi th in  t h e  cu r ren t  c o l l e c t o r s .  Pushing t h e  s t a r t  l e v e r  
on t h e  spring-wound motor w i l l  then p u t  t h e  c e l l  i n t o  ope ra t ion .  

D e t a i l s  of t h e  ind iv idua l  components of both the  d r ive  u n i t  and the  
tape  deck a r e  discussed i n  the following section, 

b .  Detai led Component Descr ipt ion 

(1) Spring-Wound Motor 

It was decided a t  t h e  s t a r t  of t h i s  c o n t r a c t ,  t h a t  f o r  t he  sake of 
s i m p l i c i t y ,  a spring-wound motor would be used t o  d r i v e  t h e  t ape  
system. Previous experiments showed t h a t  t h e  d r ive  should be a b l e  t o  
provide a s h a f t  output of 10-12 in.-oz of torque a t  0.568 rpm. A 
f u r t h e r  requirement was t h a t  t h e  spring-wound motor should run a t  
l e a s t  20 minutes a t  constant  speed a f t e r  a complete winding. 

11 
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Because of t h e  t i g h t  time schedule f o r  t h i s  work, i t  was necessary 
wherever poss ib l e  t o  s e l e c t  o f f - the-she l f  components r a t h e r  than  
design them i n d i v i d u a l l y .  For t h i s  reason, it was necessary t o  
take  a weight pena l ty  i n  obta in ing  a commercially a v a i l a b l e  
spring-wound motor t ha t  would do t h e  job.  It was found t h a t  the 
d r i v e  mechanism of a Keystone movie camera, 16 mm ( N o .  A-7-3) w i t h  
the  following s p e c i f i c a t i o n s  wou ld  be s a t i s f a c t o r y  w i t h  modifica- 
t i o n s :  

Output shaf t  speed: 

Output s h a f t  torque: 

Max. running t i m e :  65 sec  

Take-up spool shaft  speed:  

Take-up spool s h a f t  torque: approx. 0.5 i n . - l b  

60 r p m  minimum 

20 i n . - l b  when f u l l y  wound 

60 r p m  minimum 

weight : 2.3 ib 

It was found that  the o r i g i n a l  speed con t ro l  of t he  camera d r i v e  
was i n s u f f i c i e n t  t o  reduce the output  shaft  speed t o  0.568 rpm. 
t h i s  reason  a n  escapement mechanism of a c h a r t  d r i v e  c lock  was 
connected t o  the  camera d r i v e  i n  p lace  of a c e n t r i f u g a l  r e g u l a t o r  
o r i g i n a l l y  suppl ied .  The general  layout  of t h i s  modified spring-wound 
d r ive  i s  shown i n  Figure 7 .  The heavy black o u t l i n e  des igna tes  the 
t r ansp lan ted  escapement mechanism incorporated i n t o  the o r i g i n a l  
Keystone d r i v e  u n i t .  

For 

Although t h e  d r ive  was o r i g i n a l l y  modified i n  o u r  own l a b o r a t o r i e s ,  
fou r  u n i t s  t o  be incorporated i n  t h e  f i n a l  hardware are being 
f a b r i c a t e d  under purchase order by the Keystone Camera Company. 

Tape Transfer  D r i v e  

The threaded t ape  wi th in  t h e  t.ape deck i s  p u l l e d  a long i t s  ope ra t ing  
p a t h  by means of a p a i r  of sharp sprocket-equipped r o l l e r s  Shown i n  
F igures  8 and 9. The gap between these r o l l e r s  i s  set  a t  0.025 in . ,  
1 a r g e r . t h a n  t h e  combined thickness  of the t ape  and s e p a r a t o r  
i n  t he  dual- tape system. Thus, t h e  tape i s  t r a n s f e r r e d  by the  
p rogres s ive  motion of the  penet ra t ing  sprockets .  The optimum shape 
and dimensions of sprockets  t h a t  would opera te  equal ly  w e l l  on a l l  
combinations and th ickness  o f  tapes and s e p a r a t o r s  have not  y e t  
been developed, b u t  good t r a n s f e r  c h a r a c t e r i s t i c s  are obtained w i t h  
t r iangular-shaped 5 - m i l  t h i c k  s t a i n l e s s  s tee l  s p i k e s .  

The shaf t  of t h e  d r ive  r o l l e r  i s  suppl ied  w i t h  a c r o s s  p i n  tha t ,  
a f t e r  i n s e r t i o n  i n t o  the  spring-wound d r i v e  u n i t ,  au tomat ica l ly  
engages the f l e x i b l e  coupling of  t h i s  d r i v e .  The r o l l e r s  r o t a t e  a t  
a speed of 0.568 rpm and drive the  tape a t  a l i n e a r  ra te  of approxi- 
mately 1 inch  pe r  minute. 
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F i g u r e  8. Tape Transfer Crive  Showing Tape P o s i t i o n  
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Current Col lec tors  

The c u r r e n t  c o l l e c t o r s ,  shown i n  Figure 10, were designed t o  f u l f i l l  
the following requirements: 

Even contac t  pressure  over t h e  moving tape and the  
s t a t i o n a r y  anode. 

(1) 

( 2 )  

( 3 )  Simple assembly and disassembly. 

Knee-action t o  follow small  unevennesses of the t ape .  

One of the two cu r ren t  c o l l e c t o r s  i s  made of f i n e  s i l v e r  and se rves  
a s  t he  cathode c o l l e c t o r .  The o the r  c o n s i s t s  of a z inc  block and 
se rves  as both cu r ren t  c o l l e c t o r  and anode. Each of t he  elements i s  
of sandwich s t r u c t u r e  and c o n s i s t s  of the  cu r ren t  c o l l e c t o r  metal  
bonded t o  1/4 i n  t h i c k  urethane sponge, which i n  t u r n  i s  bonded 
t o  a P l e x i g l a s s  @ backing p l a t e .  The t o t a l  w i d t h  ( D )  of the e l e c t r o d e  
cas ing  was s e l e c t e d  t o  g ive  approximately 6 oz/in.2 of p re s su re  between 
t h e  c u r r e n t  c o l l e c t o r s .  

( 4 )  Container f o r  Electrolyte-Wetted Tape 

Since i n  t h e  dual- tape system an e l e c t r o l y t e - s a t u r a t e d  t ape  i s  s t o r e d  
on a s e p a r a t e  spool, i t  is  necessary i n  some manner t o  seal  t h i s  
con ta ine r  t o  prevent  l o s s  of e l e c t r o l y t e  t o  t h e  atmosphere u n t i l  the  
t ape  i s  ready f o r  use.  Although there are many methods of s e a l i n g  
t h i s  conta iner ,  one of the  s implest  and most e f f e c t i v e  appeared t o  be 
a s m a l l  p i ece  of r u b b e r  rod  compressed i n t o  t h e  l i p  opening of the 
con ta ine r ,  which e f f e c t i v e l y  gaske ts  t h e  non-permeable s e c t i o n  of t he  
l eade r  t a p e .  T h i s  conf igura t ion  i s  shown i n  Figure 11. 

A mock-up conta iner  was constructed using t h i s  s e a l i n g  method and 
checked f o r  l eaks  using i n t e r n a l  a i r  pressure  equivalent  t o  the  p a r t i a l  
p ressure  of water vapor above 30% KOH a t  120°F. No v i s i b l e  leakage 
was observed. 

T h i s  rubber  s e a l ,  as previously described, is  removed by a manual 
opera t ion  j u s t  p r i o r  t o  the  u s e  of t h e  t ape  deck. 

111. PHASE IB. CHEMICAL 

A .  ELECTROCHElMICAL SYSTEM 

The AgaOz-Zn system has been used i n  t h i s  work t o  allow comparison 
w i t h  a known b a t t e r y  system capable of high discharge r a t e s .  The 
e lectrochemical  equiva len ts  f o r  t h i s  system a r e  l i s t e d  below. The 
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q u a n t i t y  of e l e c t r o l y t e  required depends upon which r e a c t i o n  
predominates: la ,  l b ,  o r  IC. 

Theore t i ca l  Energy 
Density , 

Watt-hr pe r  l b  r e a c t a n t s  

A s  Wri t ten  Using 30% KOH 

( l a )  A g 2 0 2  + 2Zn + 2H20 = 2Zn( OH), + 2Ag 176 169 

( l b )  Ag202 + 2Zn + 2KOH = 2KHZn02 + 2Ag 149 97 

( IC)  Ag202 + 2Zn + 4KOH = 2K2Zn02 + 2H20 + 2Ag 12 1 65 

The t h e o r e t i c a l  energy d e n s i t i e s  l i s t e d  wi th  t h e  r e a c t i o n s  assumes com- 
p l e t e  discharge a t  1.5 v o l t s  and were ca l cu la t ed  us ing  t h e  fol lowing 
e lec t rochemica l  equiva len ts :  

&/amp-hr 

Ag2 0 2  2.305 

Zn 1.220 

Reaction ( l a )  H20 0.335 

(lb) KOH 1.045 

( IC)  KOH 2 .ogo 
For a number of reasons,  t h e  t h e o r e t i c a l  energy dens i ty  cannot be 
r e a l i z e d .  Some z i n c  ( 5  t o  10%) chemically d i s so lves  i n  t h e  e l e c t r o l y t e  
and t h e r e f o r e  i s  n o t  used e lec t rochemica l ly .  I n t e r n a l  r e s i s t a n c e  
i n  t h e  c e l l  and t h e  need f o r  some excess  e l e c t r o l y t e  are among o the r  
f a c t o r s  lowering t h e  energy densi ty  r e a l i z e d .  

B. TAPE FABRICATION 

1. Anode 

A s  mentioned previously,  t h e  anode cons i s t ed  of a z inc  block over 
which t h e  a c t i v a t e d  t apes  a r e  drawn. 

2 .  Base Tape 

i n  th icknesses  from 0.8 t o  12 m i l s  have been used for a t ape  base.  
The phys ica l  c h a r a c t e r i s t i c s  of these  materials a r e  given i n  

Non-woven f a b r i c s  of N y l o a ,  Dyne1 8 , polypropylene, and Dacron a3 
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Table 1. These m a t e r i a l s  w e t  o u t  r a p i d l y  w i t h  t h e  concentrated 
KOH e l e c t r o l y t e  and r e t a i n  wet s t r e n g t h  and f l e x i b i l i t y .  Poros i ty  
must be s u c h  as  t o  l i m i t  p ene t r a t ion  of Ag202 but allow e l e c t r o l y t i c  
conduction. Some Ag202 penet ra t ion ,  p r imar i ly  during coat ing,  was 
ev iden t .  T h i s  d id  not  occur w i t h  porous polyethylene and an ion  
exchange membrane material, but these  l a t t e r  m a t e r i a l s  tended t o  
l i m i t  d i scharge  ra tes  more than the  non-woven m a t e r i a l s .  

3 .  Cathode 

I n  e a r l y  experiments, a s i n g l e  tape coated wi th  Ag202 was w e t  w i t h  
e l e c t r o l y t e  just p r i o r  t o  discharge.  A dual- tape was then t r i e d  
i n  which one t ape  was coated w i t h  Ag202 and a second t ape  (uncoated)  
was prewet w i t h  e l e c t r o l y t e .  T h i s  l a t t e r  conf igura t ion  e l imina te s  
the need f o r  an e l e c t r o l y t e  pump and allows more l a t i t u d e  i n  applying 
Ag202 ( e . g . ,  impregnat ion) .  The dual- tape system has been used  i n  most 
of t h i s  work. 

Severa l  methods of applying Ag202 t o  t h e  t ape  base m a t e r i a l  were used .  
Impregnation and p res s ing  were t r i e d  w i t h  some base m a t e r i a l s .  More 
often, the ilgzG2 was dispersed  i n  an aqueous s o l u t i o n  of binder ,  
u sua l ly  polyvinyl  a lcohol ,  and drawn over t h e  prewet tape w i t h  a 
Gardner k n i f e .  

I n i t i a l  a t tempts  t o  coa t  the d r y  f a b r i c  were s a t i s f a c t o r y  w i t h  smal l  
s t r i p s ,  b u t  p rewet t ing  of the f a b r i c  was found t o  be necessary i n  
c o a t i n g  l a r g e r  p i eces  of mater ia l .  The f a b r i c  t o  be coated was s a t u r -  
ated wi th  d i s t i l l e d  water  on a g l a s s  p l a t e .  
drawn o f f  w i t h  the Gardner knife. Using t h i s  technique t h e  f a b r i c  re- 
mained dimensionally stable during coa t ing  and t h e  tendency f o r  Ag202 
t o  p e n e t r a t e  i n t o  t h e  f a b r i c  was reduced. 

Excess water was then 

A t y p i c a l  coa t ing  s o l u t i o n  had t h e  following composition: 

P a r t s  by Weight 

Gelvatol  20-30 5 06 

Water ( d i s t i l l e d )  63 -7 

*Ag202, as used,  analyzed 
a coa t ing  composition of 

96% d iva len t  s i l v e r  oxide, which g ives  
85 w t - $  Ag202 on a dry b a s i s .  

S a t i s f a c t o r y  coa t ings  were obtained wi th  Ag202 content  of 85 t o  a s  
high a s  92 wt-$,  depending on the  na tu re  o f  the su r face  being coated 
and t h e  coa t ing  th ickness  d e s i r e d ,  
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Phys ica l  data on the coated tape are  l i s t e d  i n  Table 2 .  
p regnat ion  of Ag202 (T-11  and T-12) w a s  c a r r i e d  out  by drawing 
the f a b r i c  through the  aqueous Ag202 s l u r r y .  The pressed tapes 
(T-19, 20, 21, 26) were made by spreading the desired amount of 
dry Ag202 mix over a 5 i n .  x 5 i n .  f a b r i c  a r e a  and p res s ing  
between f l a t  plates  i n  a hydraulic p r e s s  a t  about 30 p s i  of f a b r i c  
su r face .  

I m -  

Analysis  f o r  d i v a l e n t  s i l v e r  oxide was c a r r i e d  out on the d r i e d  
coa t ing  s o l u t i o n s  and on the coated dry t apes .  While these analyses  
agreed w i t h i n  a f e w  pe r  cen t ,  the Ag202 content  found was usua l ly  
lower than  tha t  expected from the i n i t i a l  make-up. T h i s  was bel ieved 
due t o  r educ t ion  of A g 2 0 2  during t h e  mixing, coat ing,  and drying 
ope ra t ions .  T h i s  was confirmed by s i l v e r  a n a l y s i s  on the same 
material .  The s i l v e r  a n a l y s i s  agreed w i t h  the  i n i t i a l  make-up. 

4. Tape S t a b i l i t y  

Coated d ry  t apes  have been s to red  i n  c losed  con ta ine r s  t h a t  prevent 
exposure t o  l i g h t .  N o  o b v l m s  d e t e r l o r a t i o n  has been noted under 
these condi t ions  over per iods  of three t o  fou r  weeks. Rolled tapes  
s imilar  t o  those  t o  be used i n  the demonstration u n i t s  are c u r r e n t l y  
i n  s to rage  a t  go$ r e l a t i v e  humidity and 100°F. These t apes  w i l l  be 
examined p e r i o d i c a l l y  t o  check r e t e n t i o n  of coa t ing  i n t e g r i t y  and 
Ag202 con ten t .  

C .  METHOD OF ACTIVATION 

To a c t i v a t e  the dry tape,  the  aqueous e l e c t r o l y t e  mus t  be introduced 
j u s t  before  t h e  t ape  e n t e r s  the anode and cathode cu r ren t  c o l l e c t o r s .  
Micro- o r  macro-encapsulation o f f e r s  an a t t r a c t i v e  s o l u t i o n  t o  t h i s  
problem but  w i l l  not  be used i n  the f e a s i b i l i t y  demonstration owing 
t o  t i m e  l i m i t a t i o n s .  Instead,  an uncoated t ape  prewet w i t h  e l e c t r o l y t e  
w i l l  be used i n  a d d i t i o n  t o  the coated t ape .  The prewet t ape  w i l l  
be s t o r e d  i n  a conta iner  w i t h  a "pop-out" s e a l .  Act iva t ion  w i l l  be 
accomplished by br inging the  two tapes  toge ther  j u s t  ahead of the  
cu r ren t  c o l l e c t o r s .  Present  operat ion i n  the dynamic t ape  t e s t  
equipment i n d i c a t e s  t h a t  t h e  tapes  using polyvinyl  a l coho l  as a 
binder  can be a c t i v a t e d  as c l o s e  t o  the c u r r e n t  c o l l e c t o r s  a s  
d e s i r e d ,  

Other methods of a c t i v a t i o n  have been considered.  A s i n g l e  dry tape 
has been a c t i v a t e d  by drawing it  over a wicking pad suppl ied  w i t h  
e l e c t r o l y t e  by a metering pump. A porous c u r r e n t  c o l l e c t o r  could 
be used w i t h  e l e c t r o l y t e  supplied through the  c o l l e c t o r .  Incorporat ion 
of dry powdered KOH i n t o  the coated tape  has a l s o  been t r ied ;  water 
i s  suppl ied  t o  a c t i v a t e  the t ape .  It appears tha t  considerably longer  
a c t i v a t i o n  times are necessary t o  allow d i s s o l u t i o n  of KOH and d i f f u s i o n  
t o  form e l e c t r o l y t e .  It was hoped t h a t  t h i s  could be done a t  t he  cu r ren t  
c o l l e c t o r s  t o  take  advantage o f  the heat  e f f e c t  t o  improve output,  but 
t h e  increased  a c t i v a t i o n  time seems t o  obvia te  t h i s  p o s s i b i l i t y .  
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D. TAPE TEST PROCEDURE AND RESULTS 

The main v a r i a b l e s  measured i n  the  dynamic t e s t  device are summarized 
below: 

Var iab le  Typical  Values/Range 

2 Current Density (discharge ra te )  0.15-1.7 amps/in. (1 t o  10-ohm loads)  

E l e c t r o l y t e  Feed Rate 0.15-2 cc/min. 

Tape Speed 0.2-10 inches/min. 

Tape P u l l i n g  Force 0.5-2 pounds 

Elec t rode  Contact P r e s s u r e  1-9 ounces (0.08-0.75 lb / in  .2) 

The t e s t  equipment has been described i n  Sec t ion  I I A .  
base m a t e r i a l s  and coa t ing  blnders  were subjec ted  t o  prel iminary 
screening  us ing  a simple s t a t i c  tes t  r e q u i r i n g  only a square inch of 
tape.  
opera t ion .  The r e s u l t s  are given i n  Table 3 .  
tests are  given i n  the Appendix. 

A number of t ape  

The more promising combinations were tes ted f u r t h e r  i n  dynamic 
The prel iminary dynamic 

The tests t o  date have been c a r r i e d  out  p r imar i ly  t o  determine t h e  
gene ra l  c h a r a c t e r i s t i c s  of a tape system and t o  ob ta in  an operable  
t ape  f o r  use i n  t h e  f e a s i b i l i t y  demonstration. Since r e c u r r e n t  modifica- 
t i o n s  on the  t e s t  equipment and coa t ing  methods were made, d i r e c t  
comparison of t e s t  r e s u l t s  i s  not  poss ib l e .  For example, t h e  c u r r e n t  
c o l l e c t o r s  have been decreased i n  w i d t h  t o  7/8 i n .  and redesigned t o  

system. Since the e f f e c t  
of  c o l l e c t o r  shape (width-to-length ” d‘ r a t i o  a - “7 e and !! a rea  has not been in -  
reduce alignment problems i n  the 

ves t iga t ed ,  it i s  not  known whether comparisons based only on cu r ren t  
dens i ty  are  v a l i d .  

The t e s t  procedure cons is ted  o f  i n i t i a l  determinat ion of the open 
c i r c u i t  vo l t age  followed by discharge a t  i nc reas ing  ra tes  t o  determine 
the maximum ra t e  obta inable  a t  a f ixed  t ape  speed. A t ape  speed 
of 1 inch p e r  minute was used i n  most of t he  tests.  I f  a s teady 
discharge was maintained f o r  a two-minute per iod,  the discharge r a t e  
was increased  f u r t h e r  ( u s u a l l y  doubled)  by decreasing the  load 
r e s i s t a n c e .  While a two-minute discharge probably d i d  no t  br ing  the 
t ape  t o  s t eady- s t a t e  condi t ions,  it d i d  provide a complete change 
of depo la r i ze r  a t  the  c o l l e c t o r s .  
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While no detailed experiments have been conducted t o  provide 
mathematical r e l a t i o n s  f o r  t h e  va r i ab le s  involved, a number of gen- 
eral  observa t ions  have been made. Assuming a f ixed  tape speed 
w i t h  excess e l e c t r o l y t e  supplied,  t h e  maximum discharge r a t e  
maintainable  depends pr imar i ly  on the percentage of Ag202 i n  the  
coa t ing  and the type of ma te r i a l  used f o r  the sepa ra to r  and 
coa t ing  suppor t .  
p e n e t r a t i o n  and depos i t ion  of s i l v e r  on the  z inc  c o l l e c t o r .  
the percentage of Ag202 i n  the  coa t ing  decreased w i t h  the  same type 
of tape,  lower output vo l tages  were obtained.  

Complete l o s s  o f  output was most o f t e n  due  t o  
A s  

Coating uniformity and smoothness must  be such that t h e  c o l l e c t o r  
con tac t s  e s s e n t i a l l y  a l l  t h e  coated a rea  beneath i t .  With a screen  
o r  r o l l e r  c o l l e c t o r ,  more roughness could be t o l e r a t e d .  Increas ing  
p r e s s u r e  on the cu r ren t  c o l l e c t o r s  increased output  only momentarily 
when good con tac t  was already being made. A f o r c e  o f  2 t o  5 ounces 
was gene ra l ly  s u f f i c i e n t  f o r  good contac t  w i t h  smooth t a p e .  When 
there was excess Ag202 on the tape f o r  the  condi t ions  used ,  slowing 
o r  s topping  t h e  t ape  usua l ly  produced a small r i s e  i n  output,  a t  
least  temporar i ly .  T h i s  i s  bel ieved due t o  be t te r  con tac t  w i t h  and 
improved conduct iv i ty  of t h e  discharging coa t ing .  

The use of very t h i n  (1-3 m i l )  permeable non-woven m a t e r i a l s  allows 
high discharge r a t e s  t o  be a t ta ined ,  b u t  f a i l u r e  due t o  z i n c  
fou l ing  i s  r a p i d .  Mater ia l s  of low permeabi l i ty  e l imina te  the f o u l i n g  
b u t  a l s o  l i m i t  discharge severe ly .  The best  compromise s o l u t i o n  found 
t o  date i s  t h e  use  of a t h i c k  (10 m i l ) ,  h i  h ly  permeable sepa ra to r /  
e l e c t r o l y t e  feed tape  wi th  a t h i n  (1-3 m i l  7 coated t ape .  
hydroxymethylcellulose as a binder seems t o  l i m i t  migrat ion of s i l v e r  
and degradation of Ag202 during coa t ing .  However, the r e s u l t i n g  
coa t ing  i s  slow t o  wet w i t h  e l e c t r o l y t e ,  r e q u i r i n g  a longer  con tac t  
length  w i t h  e l e c t r o l y t e  t ape  o r  a slower t ape  speed. 

l 

I 

The u s e  of 

Typical  vo l tage-cur ren t  dens i ty  c h a r a c t e r i s t i c s  o f  t h e  t apes  tested 
are represented  by t h e  shaded area  i n  Figure 12 .  The a c t u a l  data 
on t h r e e  of t h e  b e t t e r  coated tapes  f a b r i c a t e d  t o  date are  a l s o  shown 
i n  t h i s  f i g u r e  wi th  the t e s t  r e su l t s  on a t ape  without  b inder  f o r  
comparison. T h i s  l a t t e r  pressed  tape shows lower vo l t age  loss ,  
e s p e c i a l l y  a t  t he  higher  cu r ren t  d e n s i t i e s  but tended t o  shed Ag202 
on handl ing.  

The range of output power and energy dens i ty  f o r  some of t h e  t apes  
i s  summarized i n  Table 4 .  The cur ren t  e f f i c i e n c i e s  were c a l c u l a t e d  
from the make-up composition of t h e  coa t ing .  Severa l  of the va lues  
would be h igher  i f  t he  A g 2 0 2  content determined by coa t ing  a n a l y s i s  
were used  assuming the  remainder t o  be Ag20. The a c t u a l  system 
energy dens i ty  l i s t e d  was ca l cu la t ed  using t h e  t h e o r e t i c a l l y  consumed 
weight of z inc  and inc ludes  t h e  weight of sepa ra to r ,  coated tape,  
and e l e c t r o l y t e  a c t u a l l y  used excluding hardware. 
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IV. PHASE 11. PROOF, DENONSTRATION AND DELIVERY 

1. The f e a s i b i l i t y  of the dry tape b a t t e r y  concept has been demon- 
strated on the  labora tory  tape t e s t  device and w i t h  the  
pro to type  of the  f i n a l  a c t i v a t i o n  u n i t .  Prepara t ion  f o r  de l ivery  
of the f i n a l  u n i t s  i s  underway. 

2 .  The system has been charac te r ized  on the l abora to ry  t ape  tes t  
device f o r  u t i l i z a t i o n  of Ag202. T e s t s  on the f i n a l  u n i t s  
w i l l  be made, and optimized p r e d i c t i o n  of f u t u r e  c a p a b i l i t i e s  
of t he  device can then  be given. 

3 .  Prepara t ion  of the fou r  a c t i v a t i o n  u n i t s  and t apes  f o r  them is  
c u r r e n t l y  underway. 

V .  FUTURF PLANS 

A .  MECHANICAL 

Construction, assembly, and t e s t i n g  of t h e  f i n a l  u n i t s  w i l l  be carried 
o u t .  The " tape deck" subassembly and the engagement of the d r i v e  u n i t  
w i th  the  deck w i l l  be sepa ra t e ly  t e s t e d .  Operational tests of the 
completed f i n a l  u n i t s  a t  var ious  loads w i l l  a l s o  be made. 

B. CHEMICAL 

Fabr i ca t ion  and c h a r a c t e r i z a t i o n  o f  the tapes  f o r  incorpora t ion  i n  
the  demonstration u n i t s  w i l l  be completed. Storage tests on t apes  
now i n  s t o r a g e  w i l l  be continued t o  determine s t a b i l i t y  of t ape  and 
s t r ingency  of s to rage  requirements. 

A s  t i m e  permits ,  the  fol lowing f a c t o r s  w i l l  be i n v e s t i g a t e d 2 u s i n g  
the labora tory  t ape  t e s t  device: 

Higher discharge r a t e s  

Shape f a c t o r  of s o l i d  e lec t rodes  

Porous z i n c  r o l l e r  and r o l l e r  cathode c u r r e n t  c o l l e c t o r  

S ing le  t ape  w i t h  z i n c  and Ag202 coa t ings  
Bipolar  t ape  
Other couples 
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NOTICES 

This report was prepared as an account of Government-sponsored 
work. Neither the United States nor the National Aeronautics 
and Space Administration (NASA), nor any person acting on behalf 
of NASA: 

A) Makes and warranty or representation, expressed 
or implied, with respect to the accuracy, complete- 
ness, or usefulness of the information contained 
in this report, or that the use of any information, 
apparatus, method, or process disclosed in this 
report may not infringe privately-owned rights; or 

Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any in- 
formation, apparatus, method or process disclosed 
in this report. 

B) 

As used above, "person acting on behalf of NASA" includes any em- 
ployee or contractor of NASA, or employee of such contractor, to 
the extent that such employee or contractor of NASA, or employee 
of such contractor prepares, disseminates, or provides access to, 
any information pursuant to his employment or contract with NASA, 
or his employment with such contractor. 

Dissemination outside the contracting government agency or to re- 
cipients other than Government defense contractors not authorized. 

Request for copies of this report should be referred to: 

National Aeronautics and Space Administration 
Office of Scientific and Technical Information 
Washington, D. C., 20025 
Attention: AFSS-A 
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